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evaluate prognostic factors for predicting the outcomes of empirical IV itraconazole therapy among clinical data.
MATERIALS AND METHODS Study design
This prospective multicenter observational study was performed at 26 medical centers in Korea during the period of April 2007 to December 2007. During the period of enrollment, 390 patients with hematological malignancies, such as acute leukemia, malignant lymphoma, myelodysplastic syndrome (MDS) or multiple myeloma (MM), who had neutropenic fever were enrolled. The primary objective of this study was to evaluate the overall success rate of empirical antifungal therapy with IV itraconazole, and the secondary objective was to define the poor prognostic factors for the outcomes of empirical antifungal therapy with IV itraconazole. This protocol was reviewed and approved by the ethics committee or institutional review board of each participating institution. Written informed consent was obtained from all participants before enrollment. This study was conducted according to the Declaration of Helsinki. We used a web-based electronic case report form to gather demographic information and various clinical characteristics of the participants. Central monitors conducted both central online data monitoring and on-site monitoring visits to improve data quality.
Patients aged 18 years or older with persistent (more than 2 days) or recurrent neutropenic fever, 14 despite empirical broad-spectrum systemic antibacterial therapy, were eligible to be enrolled in this study. Fever was defined as a single oral temperature above 38.3°C or a temperature above 38.0°C for 1 hour. 10, 14 Neutropenia was defined as an absolute neutrophil count (ANC) below 0.5×10 9 /L or an ANC below 1.0×10 9 /L with a predicted decrease to below 0.5×10 9 /L. 10, 14 The patients with possible or probable categories of IFD according to the European Organization for Research and Treatment of Cancer/Mycoses Study Group (EORTC/MSG) consensus criteria were able to be enrolled in this study. 15, 16 Patients were not eligible if they had a documented (proven) IFD according to the EORTC/MSG consensus criteria, except Candida infections including candidemia. Other exclusion criteria were a history of serious allergy to itraconazole, a bilirubin level more than three times the upper limit of normal (ULN), an aminotransferase or alkaline phosphatase level more than five times the ULN, and severe renal dys-
INTRODUCTION
Invasive fungal disease (IFD) is an important cause of morbidity and mortality in patients with hematological malignancies who receive intensive chemotherapy or hematopoietic stem cell transplantation (HSCT), and the incidence of IFD has increased over the past decades. [1] [2] [3] Recently, the incidence of Candida infections has decreased due to the widespread prophylactic use of antifungal agents such as fluconazole, whereas Aspergillus infections have become the most common cause of IFD. 2, 3 Delayed diagnosis and treatment of invasive Aspergillus infections usually lead to fatal clinical outcomes associated with IFD. However, invasive Aspergillus infections are often difficult to diagnose due to nonspecific clinical presentations. Moreover, the identification of Aspergillus species from sterile specimens by invasive procedures may be impractical in patients with unstable clinical situations or with a bleeding tendency. Therefore, empirical antifungal therapy for suspected IFD was established for febrile neutropenic patients with hematological malignancies who present with persistent or recurrent unexplained fever despite the use of broad-spectrum antibiotics. 4, 5 Although empirical antifungal therapy with deoxycholate amphotericin B (D-AMB) has reduced the incidence of breakthrough IFD, several serious toxicities related with D-AMB, including nephrotoxicity, have been frequently reported. 6, 7 Therefore, liposomal amphotericin B (L-AMB), mold active azoles (itraconazole, voriconazole and posaconazole) or caspofungin are usually recommended instead of D-AMB for empirical antifungal therapy. [8] [9] [10] Because these antifungal agents for empirical antifungal therapy have similar efficacy and safety, 4, 8, 9, 11 the main concern of empirical antifungal therapy is no longer choosing the best agent, but rather the identification of patients who will be most likely to benefit from a given antifungal agent. Several years ago, intravenous (IV) itraconazole became available in Korea, and a relatively low incidence of toxicity has been reported. 6, 7 Although there have been many reports on the efficacy and safety of IV itraconazole for empirical antifungal therapy, 6, 7, 12, 13 there have been few reports on the prognostic factors for predicting the outcomes of empirical antifungal therapy. In this prospective, multicenter, observational study, we assessed the success rate of empirical antifungal therapy with IV itraconazole in immunocompromised patients with hematological malignancies. Additionally, we attempted to cal antifungal therapy as successful if all five of the following criteria were met: 1) successful treatment of baseline fungal infection, 2) absence of any breakthrough fungal infection during empirical antifungal therapy and within 7 days after the completion of empirical antifungal therapy, 3) survival for at least 7 days after discontinuation of empirical antifungal therapy, 4) resolution of fever (defined as a temperature below 38°C for at least 2 days) prior to recovery from neutropenia, and 5) no premature discontinuation of empirical antifungal therapy due to drug-related toxicity or lack of efficacy.
Baseline fungal infections were defined as those that developed within the first 48 hours after starting empirical antifungal therapy. Breakthrough fungal infections were defined as those that occurred after 3 days of empirical antifungal therapy or within 7 days after completion of empirical antifungal therapy. The diagnosis of breakthrough fungal infection was confirmed when the patients were diagnosed as proven or probable IFD according to the EORTC/MSG consensus criteria. 16 The safety assessments for empirical antifungal therapy with itraconazole were performed and graded according to the National Cancer Institute Common Terminology Criteria for Adverse Effects, version 3.0. 25 Clinical adverse events were monitored prospectively during the study period. Toxicities of itraconazole, including hepatotoxicity and nephrotoxicity, were defined when the grade of toxicities reached grade 2 or more and an increment of one or more grades above the baseline grade level.
Statistical analysis
The chi-square test was used to compare the success rate of empirical antifungal therapy between the high-risk group and low-risk group. We also performed the chi-square test for evaluating effects of baseline clinical characteristics on the outcomes of empirical antifungal therapy with IV itraconazole. Stepwise multivariable logistic regression was used to identify poor prognostic factors associated with a poor outcome of empirical antifungal therapy with IV itraconazole. We did a second check for collinearity using the Variance Inflation Factor (VIF) in multiple linear regression analysis. If the VIF values were below 10, we could consider that there was no collinearity between independent variables. All results were considered statistically significant at p<0.05. Two-sided 95% confidence intervals (CI) were calculated when appropriate. All calculations were performed with SPSS software, version 18.0 (SPSS Inc., Chicago, IL, USA). function (a calculated creatinine clearance below 30 mL/ min). We also excluded pregnant women and patients who were treated with combination therapy with other antifungal agents.
Patients were divided into high-or low-risk groups based on underlying tumor burden. High-risk patients included those who had newly diagnosed acute myeloid leukemia (AML) or acute lymphoblastic leukemia (ALL), MDS with a higher score according to the International Prognostic Scoring System (IPSS intermediate-2 or more), 17 greater than low-intermediate risk of non-Hodgkin's lymphoma (NHL) according to the age-adjusted International Prognostic Index (aaIPI≥2), 18 advanced-stage Hodgkin lymphoma (HL) according to the Ann Arbor staging system (≥stage 3), 19 and MM with a high International Staging System score (stage 3). 20 Relapsed or refractory patients were also considered high-risk in this study. Among the patients who had undergone HSCT, the high-risk group was defined as acute leukemia not in first complete remission (CR), malignant lymphoma or MM not in CR, and advanced-stage MDS (IPSS intermediate-2 or more).
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Treatment IV itraconazole (Janssen Pharmaceutica, Beerse, Belgium) treatment was initiated at 200 mg every 12 hours for the first 48 hours, and followed by 200 mg once a day from day 3 to 14. After using IV itraconazole, an itraconazole oral solution (Janssen Pharmaceutica) at a dose of 200-400 mg/ day replaced IV itraconazole when necessary. Participants continued treatment with itraconazole until defervescence and recovery from neutropenia (ANC over 500 cells/uL for at least 3 successive days). Each investigator could determine the duration of empirical antifungal therapy for the patients with baseline or breakthrough fungal infections. However, it was recommended that itraconazole treatment should be given for at least 14 days or for at least 7 days after resolution of neutropenia and symptoms. Efficacy and safety analyses were conducted for the patients who received IV itraconazole for 3 or more days. Patients were observed for up to 7 days after completion of treatment with itraconazole for clinical or microbiological evidence of fungal infection.
Analysis of efficacy and safety
The assessments of efficacy for empirical antifungal therapy were performed according to the previously reported five endpoints. 7, [22] [23] [24] We considered the outcomes of empiri-were enrolled during consolidation chemotherapy. Forty-six patients (12.2%) receiving HSCT were enrolled and 18 patients (39.1%) were included in the high-risk group. Twentyone patients (5.6%) received an allogeneic HSCT. Among 284 patients with acute leukemia, 208 (73.2%) patients were considered high risk. There were 10 patients (43.5%) with MDS included in the high-risk group. Thirty-two patients (58.2%) with malignant lymphoma and 7 patients (50.0%) with MM were also considered as high risk (Table 1) . There were 90 patients (23.9%) with co-morbidities. Of those, cardiovascular co-morbidity was reported in 42 patients (11.2%), diabetes mellitus in 20 (5.3%), liver disease in 19, lung disease in 14, renal disease in 4, and other medical conditions in 7 patients. At the initiation of empirical antifungal therapy, 123 patients (32.7%) had poor Eastern Cooperative Oncology Group (ECOG) performance status (2 or more).
The results of baseline chest X-rays were available in 348 patients (92.6%). Among them, 70 patients (20.1%) showed abnormal findings on chest X-rays. Baseline high-resolution computerized tomography (CT) scan of the chest was performed in 59 patients (15.7%) and 51 patients (86.4%) had abnormal findings on CT. Sixteen patients (4.3%) had a compatible result for the diagnosis of IFD on the X-rays or CT. In 83 patients (22.1%) an enzyme immunoassay for serum galactomannan antigen was performed before initiation of empirical antifungal therapy. Among them, 9 patients (10.8%) had a positive result on the serum galactomannan test, a cut-off index of 0.5. 26, 27 The median duration of neutropenia prior to start of empirical antifungal therapy (baseline neutropenia) was 7 days (range, 1-173). Prolonged baseline neutropenia (more than 10 days) was observed in 32.4% of the patients (n=122). The median duration of neutropenic fever prior to initiation of empirical antifungal therapy (baseline neutropenic fever) was 3 days (range, 1-34).
About half of the patients had received an antifungal prophylaxis (n=183, 48.7%). The antifungal agents used for prophylaxis were itraconazole (n=69), fluconazole (n=86), nystatin (n=21), or D-AMB (n=7). The median duration of IV itraconazole for empirical antifungal therapy was 9 days (range, . Seventy-six patients (20%) switched from IV to oral itraconazole. Second-line antifungal therapy was conducted in 94 patients (25.0%) after discontinuation of empirical antifungal therapy with IV itraconazole. Antifungal agents for second-line therapy included D-AMB (n=84), L-AMB (n=1), caspofungin (n=7), fluconazole (n=1), or voriconazole (n=1). Seventy patients (18.6%) had documented
RESULTS

Clinical characteristics
Among the 390 patients recruited, patients who were studied for at least 3 days were considered to have completed this study whether they continued treatment with IV itraconazole or not. The final number of patients evaluated was 376. The clinical characteristics of the patients treated with empirical antifungal therapy with IV itraconazole are provided in Table 1 . The median age was 48 years (range, 18-80 years). One hundred sixty-five patients were older than 50 and the male to female ratio was 1.1 : 1. Their underlying diseases are reported in Table 1 : AML (n=229), ALL (n=55), MDS (n=23), NHL (n=52), HL (n=3), and MM (n=14). A total of 257 (68.4%) high-risk group of patients were included in this study. One hundred-three of 376 patients (27.4%) were in relapse or refractory status and 98 patients (26.1%) Table 4 ). Among them, the patients with underlying lung disease showed a significantly lower success rate for empirical antifungal therapy (21.4% vs. 52.5%, p=0.028). Additionally, the overall success rate of empirical antifungal therapy with IV itraconazole was significantly decreased in the patients with a poor ECOG performance status (≥2) or evidence of IFD on X-rays or CT (p<0.001, p= 0.009, respectively) ( Table 4 ). There were no significant differences in the success rates according to the results of a baseline serum galactomannan test. Although the duration of baseline neutropenia was not correlated with the success rate, the patients with relatively early administration of empirical antifungal therapy (duration of neutropenic fever prior to start of empirical antifungal therapy ≤3 days) were more likely to achieve a successful outcome in this study (55.9% vs. 44.8%, p=0.037). Antifungal prophylaxis prior to starting empirical antifungal therapy did not significantly affect the success rate of empirical antifungal therapy (Table 4). However, the patients who had received an antifungal prophylaxis with itraconazole showed a significantly higher success rate than other patients (63.8% vs. 48.5%, p=0.024).
In the present study, age over 50 years, underlying lung systemic bacterial infections at baseline, and 13 patients (3.5%) had baseline fungal infections, including 11 Candida infections and two probable invasive aspergillosis infections, that were diagnosed within the first 48 hours after entry into this study.
Efficacy analysis
The overall success rate of empirical antifungal therapy with IV itraconazole was 51.3% in this study (Table 2) . Among the 13 patients with baseline fungal infections, 7 patients (53.8%) had a successful outcome. Of the 11 baseline Candida infections, 7 patients achieved a successful outcome. The rate of occurrence of breakthrough fungal infections was 4.3%. Among 16 patients who developed breakthrough fungal infections, 8 patients (50.0%) had probable or proven invasive aspergillosis and 5 patients had infections with Candida species. The proportion of patients who survived for at least 7 days after completion of IV itraconazole therapy was 89.9% and the rate of resolution of fever during the neutropenic period was 70.2% ( Table 2 ). The median time to defervescence after empirical antifungal therapy with IV itraconazole was 3 days (range, 1-22). Premature discontinuation of itraconazole therapy because of toxicity or lack of efficacy occurred in 34.8% (131/376).
Baseline clinical characteristics and success rate of empirical antifungal therapy
We analyzed the effects of baseline clinical characteristics on the outcomes of empirical antifungal therapy with IV itraconazole. The patients over 50 years of age showed a lower success rate than the patients aged younger than 50 years (41.2% vs. 59.2%, p=0.001). The patients with acute leukemia had a success rate of 53.2% (151/284) and there were no significant differences in success rates according to with a poor outcome of empirical antifungal therapy with IV itraconazole. These two poor prognostic factors (age over 50 years and poor ECOG performance status) did not have a major impact on the rates of successful treatment of baseline fungal infection and development of breakthrough fungal infection. However, the patients older than 50 years of age or with a poor ECOG performance status (≥2) had a significantly lower survival rate for at least 7 days after discontinuation of empirical antifungal therapy (p=0.002, p=0.047, respectively). The patients older than 50 years of age or with a poor ECOG performance status (≥2) also had a significantly higher number of premature discontinuation of disease (co-morbidity), poor ECOG performance status (≥2), evidence of IFD on X-rays or CT, longer duration of baseline neutropenic fever (≥4 days), no antifungal prophylaxis or prophylactic use of antifungal agents other than itraconazole, and high tumor burden (high-risk group) were associated with a decreased success rate of empirical antifungal therapy with IV itraconazole in univariate analysis (Table 4 ). There was no collinearity between independent variables because all VIF values were below 10. Multivariate analysis using logistic regression revealed that age over 50 years [p=0.009, hazard ratio (HR)=1.81, 95% CI 1. trials using IV itraconazole. 6, 7, 12, 13 We also identified prognostic factors for predicting the outcomes of empirical antifungal therapy in patients with recurrent or persistent neutropenic fever. Because numerous clinical trials for empirical antifungal therapy have demonstrated similar efficacies for several antifungal agents, 4, 6, 11, [22] [23] [24] it might not be necessary to further evaluate the differences in efficacy among antifungal agents. Because there are few reports on the prognostic factors for predicting the outcomes of empirical antifungal therapy with IV itraconazole, 6, 7, 12, 13 our analysis of the effect of potential prognostic factors on the outcomes of empirical antifungal therapy might be of value. In this study, age over 50 years and poor ECOG performance status (≥2) were deemed prognostic factors for predicting a poor outcome to empirical antifungal therapy with IV itraconazole.
Previously, patients with no antifungal prophylaxis or clinically documented infections showed a better outcome to empirical antifungal therapy in a trial with D-AMB. 28 However, we were not able to use those results in clinical practice because this early trial did not use the current response criteria for empirical antifungal therapy, and physicians usually do not consider an empirical D-AMB therapy because of toxicity. Although prolonged neutropenia (>10 days) or allogeneic HSCT are commonly considered as important host factors for developing IFD, 15, 16 these two factors were not significant in our analysis. In our study, a poor outcome from empirical administration of IV itraconazole was obempirical antifungal therapy with IV itraconazole due to toxicity or lack of efficacy (p=0.017, p=0.001, respectively). Also, the patients over 50 years of age had a significantly lower rate of defervescence during the neutropenic period than the patients aged younger than 50 years (64.2% vs. 74.9%, p=0.031) ( Table 5 ). The patients with a poor ECOG performance status (≥2) showed a lower trend of defervescence rate during neutropenic period (65.0% vs. 72.7%, p=0.149).
Safety and toxicities
Adverse events were reported in 114 patients (30.3%). Among them, hepatotoxicity (n=80, 21.3%), nephrotoxicity (n=27, 7.2%), and hypokalemia (n=22, 5.9%) were frequently observed. In 22 patients (5.9%), therapy with itraconazole had to be discontinued due to adverse events. The reported causes of withdrawal from itraconazole therapy due to toxicity were hepatotoxicity (n=17, 77.3%) and nephrotoxicity (n=4, 18.2%).
DISCUSSION
This prospective observational study, conducted in the patients with hematological malignancies at 26 medical centers, showed that empirical antifungal therapy with IV itraconazole was effective and safe compared with previous is (51.4% in high-risk group, 51.3% in low-risk group). Because the patients receiving antifungal prophylaxis with itraconazole demonstrated better outcomes to empirical antifungal therapy with IV itraconazole, one might consider antifungal prophylaxis with itraconazole in high-risk patients to improve the results of empirical antifungal therapy with IV itraconazole. However, we, first, should confirm the role of IV itraconazole as an empirical antifungal therapy in future studies because there is little information available on the efficacy and safety of empirical antifungal therapy with IV itraconazole in patients who have received antifungal prophylaxis with itraconazole. If data on the blood concentration of itraconazole were available, we would have been able to explain the exact reason of the greater effectiveness of IV itraconazole in the patients with itraconazole prophylaxis, as we would have been able to observe low compliance with the itraconazole oral solution. A recent study comparing the effectiveness of the mold-active azole (voriconazole) versus fluconazole as an antifungal prophylaxis in patients undergoing HSCT suggested that intensive monitoring for IFD and early administration of appropriate empirical antifungal therapy is more important than the antifungal agent chosen for prophylaxis. 29 Therefore, intensive work-up for identifying IFD and appropriate use of empirical antifungal therapy are more important in the management of patients with persistent neutropenic fever than appropriate use of antifungal prophylaxis with mold-active antifungal agents. In this study, we did not perform intensive serum galactomannan tests and radiographic monitoring in all patients for detecting IFD before initiation of empirical antifungal therapy (galactomannan test in 22.1% and highresolution CT scan in 15.7%). We therefore assume that we would achieve better outcomes for empirical antifungal therapy if we perform a more aggressive work-up during neutropenic fever and determine an appropriate time for the initiation of empirical antifungal therapy according to the concept of preemptive therapy, 5 especially in the patients with poor prognostic factors.
Our study has some limitations. Not all study sites selected the same initial antibiotics for neutropenic fever, as the trial was done in a more natural setting. We also performed this trial in a relatively small number of patients who had a prolonged neutropenia (32.4%) or received allogeneic HSCT (5.6%). However, the enrolled patients might be good candidates for analyzing prognostic factors because a sufficient number of patients (68.4%) belonged to the high-risk group and they all received the same antifungal agent (IV itraconserved in specific subgroups of patients: patients older than 50 years of age; patients with poor ECOG performance status (≥2), co-morbidities, especially lung disease, evidence of IFD on X-rays or CT, or a longer duration of baseline neutropenic fever (≥4 days); patients who did not receive antifungal prophylaxis with itraconazole (Table 4) ; and those who had a high tumor burden. Among them, age over 50 years and poor ECOG performance status (≥2) were shown to be poor prognostic factors in multivariate analysis. In the present study, patients over 50 years of age received empirical antifungal therapy with IV itraconazole at a median of 3 days after the onset of neutropenic fever (range, 1-21 days) and received a median of 8 days of IV itraconazole (range, 3-28 days). The patients with poor ECOG performance status (≥2) also received the empirical antifungal therapy for a sufficient duration (median 7 days). Therefore, we considered that these patients received an appropriate empirical antifungal therapy. However, they showed significantly lower success rates of empirical antifungal therapy because of low survival rates for at least 7 days after discontinuation of empirical antifungal therapy and high rates of premature discontinuation of empirical antifungal therapy. Therefore, we should consider a different strategy, such as a more potent or a combination antifungal therapy, in patients with these poor prognostic factors.
Although there were no significant results in multivariate analysis, several clinical characteristics were associated with a decreased overall success rate of empirical antifungal therapy with IV itraconazole in univariate analysis. Therefore, we suggest with caution the use of empirical antifungal therapy with IV itraconazole in patients with underlying lung disease (co-morbidity), evidence of IFD on X-rays or CT, longer duration of baseline neutropenic fever (≥4 days), no antifungal prophylaxis, prophylactic use of antifungal agents other than itraconazole, or high tumor burden. Although a positive galactomannan test is considered an important indicator of mycological infection, 15, 16, 26 in our study, a positive baseline galactomannan test was not a significant poor prognostic factor. However, as radiological evidence of IFD was shown to be a poor prognostic factor in univariate analysis, we should re-evaluate the role of baseline galactomannan testing in the setting of empirical antifungal therapy, because the number of patients who had a result on baseline galactomannan test was very low (22.1%).
In this study, the patients with high tumor burden showed a decreased success rate of empirical antifungal therapy, despite a similar percentage of previous antifungal prophylax-azole) for empirical antifungal therapy. Because therapeutic drug monitoring (TDM) for evaluating sufficient blood concentrations of itraconazole is important, 30 we aim to develop a protocol with regular evaluation of TDM for a future trial.
In conclusion, this prospective multicenter observational study demonstrated that empirical antifungal therapy with IV itraconazole is effective and safe in Korean patients with hematological malignancies. Since patients older than 50 years of age or with poor performance status at the time of initiation of empirical antifungal therapy showed poor outcomes from empirical antifungal therapy, we propose that a more aggressive work-up for identifying mycological evidence of IFD, including serum galactomannan test and highresolution CT, should be required in these patients. In the future, it may be helpful to distinguish which patients would benefit most from empirical antifungal therapy and determine the optimum time of initiation for empirical antifungal therapy during neutropenic fever.
